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Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489 S267Purpose: Anterior cruciate ligament (ACL) rupture is associated with
acute joint trauma and chronically altered joint mechanics, and with
increased risk of incident radiographic knee OA. Using quantitative MRI,
we have shown that themean femorotibial cartilage thickness increases
signiﬁcantly in young adults after ACL rupture, and that this increase
had a similar rate during the ﬁrst 2 years (BL/Y2) and the subsequent 3
years (Y2/Y5). The purpose of the present study was to compare
cartilage thickness change in femorotibial subregions during early
(BL/Y2) and later (Y2/Y5) follow-up, using location-independent
analysis and novel disease activity (i.e. subregional cartilage thickness
change summary) scores.
Methods: 121 young active adults with an acute ACL rupture were
studied as part of the KANON RCT. Sagittal MRIs were acquired within 5
weeks of the rupture (BL), and at Y2 and at Y5. 117 participants had BL,
112 Y2 and 112 Y5 images; 107 had Y2 and Y5 images (81 men, 26
women; median age 25.6y; age range 18–36). Cartilage thickness in the
medial (MFTC) and lateral (LFTC) compartment was measured after
segmentation of the medial and lateral tibial (MT/LT) and weight-
bearing femoral (cMF, cLF) cartilage. Thickness was analyzed in 16
femorotibial subregions (8 medial, 8 lateral, 10 tibial, 6 femoral), and
thickness changes in these subregions were summarized using an
ordered value (OV) system: the magnitude of change in the subregion
with the strongest thinning was assigned to OV1, the one with the
second strongest thinning to OV2, and so forth, and the one with the
strongest thickening to OV16. A total femorotibial subregional cartilage
thickness change score (ThCChS) was computed by summarizing
magnitudes of all subregions, independent of their direction (i.e.
thickening or thinning). Further, a total femorotibial subregional carti-
lage thickening (ThCTkS) and thinning (ThCTnS) scorewas computed by
summarizing the changes across all subregions with thickening or
thinning, respectively. Comparisons between early and later follow-up
was performed using paired t-tests.
Results: The annualized increase in MFTC cartilage thickness from
Y2/Y5 (þ24 mm; 95% conﬁdence interval [CI] 17,31 mm) was very
similar to that between BL/Y2 (þ25 [10,40] mm; Table 1). Two of 16
subregions (the posterior medial and lateral tibia; pMT and pLT)
showed signiﬁcant cartilage thinning during early follow-up that was
not seen later (Table 1). OV1 (the subregionwith the strongest thinning)
exhibited a change of 115 mm [130,100] during early, and a much
smaller change during later follow-up (54 mm [62,47]). Similar
signiﬁcant differences were observed for OV 25 and for OV 1116,
with OV16 exhibiting much stronger thickening early (þ116 mm
[104,128]) than later (þ69 mm [63,75]). Differences in the TCChS
between early (902 mm [836;967]) and later (483 mm [452;515]) follow-
up were striking, and so were those in ThCTkS and ThCTnS (Table
1).When dividing the cohort into tertiles of ThCChS change, no obvi-
ous difference was noted in terms of sex, age, height, weight, or body
mass index (BMI) between upper and lower tertiles (data not shown).Table 1
5 Year cartilage thickness change (mm/a) after ACL rupture.
Early Follow-up (BL/Y2) Later Follow-up (Y2/Y5) Later vs. Early
Mean SRM Mean SRM P value
MFTC +24* +0.29 +23* +0.54 0.90
LFTC +5 +0.05 +8 +0.18 0.71
MT +5 +0.11 +11* +0.49 0.28
cMF +19* +0.34 +12* +0.42 0.31
LT 6 0.13 +6* +0.22 0.04
cLF +11* +0.21 +3 +0.09 0.17
pMT 10* 0.20 +9* +0.28 0.002
pLT 41* 0.49 3 0.07 <0.001
OV1 118 1.52 54 1.36 <0.001
OV16 +116 +1.77 +69 1.28 <0.001
ThCTkS +500 +1.23 +308 +1.58 <0.001
ThCTnS 408 1.39 175 1.17 <0.001
ThCChS +908 +2.57 +483 +2.96 <0.001Conclusions: Substantial subregional cartilage thickness increase and
decrease appear to take place simultaneously within two years after
ACL rupture. These changes are not captured when cartilage thickness
change is measured at total plate, compartment or joint level. The
strongest subregional cartilage thinning during early follow-up co-located with acute posttraumatic bone marrrow lesions and osteo-
chondral fractures, but varied in location between patients. OVs were
therefore statistically superior in unraveling differences in cartilage
thickness change between early and later follow-up. The novel struc-
tural disease activity scores of cartilage thinning (CTnS), thickening
(CTkS) and total change (CChS) are highly efﬁcient in describing the
different aspects of subregional cartilage change. They may thus be
important when relating structural imaging observations of cartilage
change to wet biomarker analyses of cartilage turnover.
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Purpose: Cartilage transverse MRI relaxation time (T2) is known to be
associated with cartilage composition, particularly with hydration and
collagen content, and collagen orientation. T2 represents a promising
imagingbiomarkerof “early”OA.Theobjectiveof this studywas toexplore
longitudinal change of T2 in medial femorotibial cartilage during matu-
ration in a sample of top volleyball athletes at the end of adolescence.
Further, we explored longitudinal T2 change associated with potential
cartilage degeneration in another sample of patients with posterior cru-
ciate ligament (PCL) rupture, who are known to loose cartilage rapidly.
Analyses were conducted for both deep and superﬁcial cartilage layers, as
both differ in hydration status and collagen architecture.
Methods: The dominant knees of 18 young volleyball athletes (8 men,
10 women, age 15.9  0.6 y, BMI 21.5 1.8), who trained twice per day
for approx. 2 hours, were followed over 2 years. Twelve patients (10
male, 2 female, age 39.6  9.9 y, BMI 28.3  4.5) who had isolated and
combined PCL injuries and reconstructive PCL surgery 4 to 14 years
earlier were studied over 1 year. A sagittal 2D multi-echo spin echo
(MESE) sequence with 6 echoes (TEs 9.7, 19.4, 29.1, 38.8, 48.5, and 58.2
ms; TR 1500 ms, in-plane resolution 0.31 mm, slice thickness 3 mm)
was acquired at 1.5T (Siemens Avanto). T2 was calculated using non-
linear curve ﬁtting with exclusion of the ﬁrst echo (9.7 ms). Seg-
mentation of the medial tibia (MT) and central, weight-bearing medial
femur (cMF) was performed using images with the shortest and lon-
gest echo, with an optional overlay of the T2 values. The mean carti-
lage T2 was extracted for the superﬁcial (top 50%) and deep layer
(bottom 50%). Paired t-tests were used to explore the T2 differencesbetween baseline and follow-up and unpaired t-tests to compare men
and women. The association between T2 and cartilage volume change
(from T2 map segmentations) was analyzed using Pearson correlation
coefﬁcients.
Results: In theyoung volleyball athletes, a signiﬁcantdecrease in cartilage
T2was observed in the deep layer ofMTand cMF (p¼<0.01; Table 1); the
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and 0.74). A signiﬁcant increase in cartilage volume was seen in cMF
(þ0.5%; p < 0.001). Young men had greater baseline T2 values than
women in the superﬁcial layer of cMF (p < 0.01), but this sex difference
did not reach statistical signiﬁcance inMT (p¼ 0.07) or in the deep layers
ofMTor cMF (p¼ 0.08 and 0.66). Superﬁcial or deep baseline T2were not
signiﬁcantly associated with subsequent cartilage volume change (r 
0.35), norwas the concurrent T2 and cartilage volume change in the same
cartilage plate (0.11 r 0.42). In PCL patients, no systematic change in
T2 was observed in MT or cMF (p  0.55, Table 1). Volume changes
amounted to 1.4% in both MT and cMF, but were not signiﬁcant (p 
0.34). Baseline T2 in the deep and superﬁcial layers of MT predicted
subsequent change in cartilage volume inMT (r¼0.59/0.56; p¼ 0.04/
0.06), but no signiﬁcant associationwas observed in cMF (r 0.34). There
was a signiﬁcant relationship of concurrent change of superﬁcial T2 and
cartilage volume inMT (r¼ 0.72; p< 0.05), but no signiﬁcant associations
for T2 of the deep layer T2, or concurrent volume and T2 change in either
layer in cMF (0.43  r  0.41).Fig. 1. Regions-of-interest (ROIs) and illustrative presentation of unpro-
cessed, local binary pattern (LBP), and Laplacian-based ROIs. Black rectangles
with dotted line ¼ subchondral bone plate ROIs, black-colored rectangles
with continuous line ¼ trabecular bone ROIs, white circle ¼ soft tissue ROI.




95% conﬁdence intervals Mean 95% conﬁdence intervals P-value
Young athletes Medial tibia Superﬁcial layer 50.7 2.4 49.5 52.0 1.1 2.0 0.2 0.07
(MT) Deep layer 50.1 3.2 48.5 51.8 2.4 3.9 0.9 0.002
Central medial femur Superﬁcial layer 53.8 2.5 52.5 55.1 0.8 1.8 0.2 0.74
(cMF) Deep layer 47.4 2.0 46.4 48.4 2.0 3.0 0.9 0.004
PCL patients Medial tibia Superﬁcial layer 50.8 2.1 49.5 52.1 0.3 1.4 0.8 0.55
(MT) Deep layer 47.8 2.1 46.5 49.2 0.3 1.5 2.2 0.70
Central medial femur Superﬁcial layer 52.9 4.5 50.0 55.7 0.5 2.8 1.9 0.66
(cMF) Deep layer 47.7 6.1 43.8 51.6 0.1 2.1 1.9 0.91Conclusions: The results demonstrate that cartilage maturation at the
end of adolescence is associatedwith a systematic decrease in deep layer
T2, potentially reﬂecting changes in hydration and macromolecular
reorganization. In PCL patients, baseline T2 predicted subsequent tibial
cartilage volume change, and therewas concurrent change in superﬁcial
T2 and tibial (but not femoral) cartilage volume. Future studies need to
explore to what extent the maturation and degenerative processed in
cartilage composition are associatedwithwet (synovialﬂuid, serum and
urine) markers of collagen formation and degradation, and whether
these predict the onset of radiographic changes after PCL injury.
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Purpose: Texture analysis of bone is not as dependent on the imaging
conditions as direct evaluation of grayscale values from radiographs.
The aim of the study was to investigate differences in bone texture
between subjects with different stages of knee osteoarthritis and age-
and gender-matched controls from plain radiographs using advanced
image analysis methods.
Methods: Standard anterior-posterior weight bearing radiographs
(tube voltage ¼ 60 kV, quantity of charge ¼ 25 mAs) from 203 knees
(103 male subjects, age: 50–69 years) were analyzed using MATLAB
software (MathWorks inc., USA) and graded according to the Kellgren-
Lawrence (KL) grading scale, in which 0 is normal and 4 is severe OA. KL
grades were not known during the quantitative image analyses. Joint
space width (JSW) was measured from the center of medial and lateral
condyles. Four rectangle-shaped regions-of-interest (ROI) were
extracted from the tibia and one elliptical-shaped ROI from the soft
tissue beside the joint (Fig. 1). To assess bone density, mean grayscale
value from the unprocessed ROIs (¼GV) andmean grayscale value of the
soft tissue ROI subtracted from GV (¼GV’) were calculated. Local binary
patterns (LBP) and second order partial derivatives (Laplacians) werecalculated from the unprocessed ROIs to construct LBP and Laplacian-
based images. In the LBP method, the 8 neighbor pixels for each pixel in
the ROI were examined and an 8-bit LBP-value was calculated. From the
LBP- and Laplacian-based images, Homogeneity index (HI) and entropy
(E) texture parameters were calculated to evaluate bone structure. HI
was derived from gray-level co-occurrence matrix. Some ROIs had to be
excluded due to distractions (e.g. bright edges) from a piece of the
clothing or similar artifact. If one-way analysis of variance (ANOVA) was
statistically signiﬁcant, Fisher’s least signiﬁcant difference post-hoc test
was performed to ﬁnd out the KL groups that differed statistically sig-
niﬁcantly from each other. To evaluate intra-rater reproducibility of the
analysis method, one investigator performed the analyses for a sub-
population of 70 knees three times with twoweeks interval. To evaluate
inter-rater reproducibility, three investigators performed the analyses
once for the same sub-population. Reproducibilities were evaluated
using root-mean-square average coefﬁcient of variation (CVRMS). Stat-
istical analysis was performed using SPSS 19 software (SPSS Inc., USA).
Results: Distribution of KL grades was the following: KL0 ¼ 110 knees,
KL1¼28, KL2¼ 27, KL3¼ 31, and KL4¼7. The intra-rater and inter-raterreproducibilities of the texture parameters were better (Range of intra-
rater and inter-rater CVRMS values: 0.23–2.48%) than the bone density-
related parameters (1.45–22.19%). Particularly, ELBP, ELap, and HILBP were
highly reproducible (0.23–1.59%). Medial JSW was signiﬁcantly
(ANOVA: p < 0.05) higher in the control group (KL0) than in the KL2-4
groups. In the Fig. 2, differences between KL groups using GV, ELBP, and
